(Central Forces) 

i j d ni 1 - 3 

LT^" ' (P 1 ^ J-oIajj LojJ <GjIj <iaij ,j_g LAj-uIj JLlL ja* 65U ■* - --^ A-x-o^k Ijl 

.(central force) ^^j^Sj-Il j-^Lkol Jjjfc Liili <kUI *:u <> r -. ? H jju 
.(force center) 1^21 \ j-Zjj* ^\ i^lill i-k£JI ^ j IU; 

^i J^Lull -l_A| ^o ijj^^il Ci^l J^fa Q^"i aLuaVI 3£j^. iuJjJ ^xLjG 

^j < (Kepler's Laws) villi] I ^ £}£)l ^i£ ^IjS £ jVw,mj jLsVlj ^L£JI 
oUHIj ^jlj^JI tej^j <( Rutherford Scattering) j jjijj j ^"-" <_oJ Jta u J,^«f i 

4-i^ j-a 6 jii j-p G Ci Vt <^ j^aJ 12-3 

^-^ jc <^U F(r) <-^£>* S>* jjSt: o^g <4>=^ rn Ljm,^ LuJ ji ^jiiil 

. (1-3) JUJI ^ L£ ,^5U <^ui)L Lkii Uj,„ ? j^lj J£ jLicI 
:JlJJL m I4J <■ <A^t ^iJI s^UI ._."<'« a5 j^ 

(1-3) F(r)=/?(r)r 1 
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F(r) 



(1-3) Jl^ I 

(Torque) IjM I j».>t 1-3-3 



(2-3) 



T = rxF 



.(2-3) JLill ^til .0J <^-ill? f^^ 1 fr*A>* *? 



<LsJLo f O i*v 



a. ...•.» . i^> ^ j^ (1-3) ifcUL slW <y&>. Sjill oiK ijli 



(3-3) 



:fxF(r)=F(r)(rxr 1 ) = 



'LajJ >L-J I csjl^i L* j^ J. V-^W <* .#>• *^ c* ' r>* 




(2-3) J^iJI 
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(Angular Momentum) ^jt^l I *\j\ 12-3-3 

J*. 0<LSU <^ul t^> ^ ^u m^ L^yi ^i ] ^ 

:<2>UJL 

(4-3) T = ^L 

(5-3) L=0e c 

(7>p<? of Motion) 4^^ I «. ^ 3-3-3 

: ^ <UD <_JL v <,^ j^ j^ ^ ^ ^ , ^ 



(6-3) 



L=rxp= /B(rxv) 



. OJ <U^ul)L fj.u? ll £-1^0 <^la fiji 



: j^: r_, Ljj^ (6-3) <i5U|| ^^ i^^ |j| 
( 7_ 3) r L=mr- (rxv)=0 



:^QJI o^ o^U ,> ^Sii .^^Jl oVjLco LKj <u^ ^^U (r,0) 
(8_ 3) F(r)=« 
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■J\ (8-3) JUP (31-2) > ^Luillj (1-3) > Ftr)^^ 



•u 



jl Sj^Vl <£>UJI ^> ^"iTim i 'i 



(10-3) F(r)= mij-rQ ) 



(11_3) m(r0 + 2r0) = O 



^ ^A j^j (11-3X5 (10-3) C^L*1I J*i ui f^ 1 <*>» ^'jJ ^ 
: Jc J^^i r_, (11-3) ^> l~^> IJ| ^ ^-^ <^ f ^ 



m(r 2 e + 2rrG) = Q 



— (mr 2 d) = 

dt 



(12-3) |Ll = |rxmv| = lfflrr 1 x(rr 1 + r00 1 )|= mr 2 



j" 



^ 



61 15' 



(13_3) L=mr0 



(14-3) d = — 



2/i _o-iIj 



:<loj 



(10-3) ^^ l>%^? 
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05-3) m r—±-r=F(r) 

mr 

^ItlL j^ .iJi >3il <^UL I^Uli.j r»j4iVl IjL^liUI <JjUIl ^^ 
:J*I£II ,I^V (14-3) ^ k^ij^j (J&l J* Ifr) till* rjUJ 

(l6 -3) e = jd dt=\-L dt + e 

J mr~ 
^jS^S^ jji'G o^i d>aJl I (*ji.i ? t>jLy^<JjL^5-3 

(17-3) r = I ^ * 



(14-3) ,«i 



w r 



08-3) e = ~ 

m 



(19-3) r = — = — .iH .^ = _J_ ^.fl_ A <*" 



(20-3) f = — (—) = -(- — •—) = — (- — .^) dB_ = _I[u^ dU 
dt dt dt m dG d6 m' dO ' dt m 2 ' dd 2 



cr 8 ch^J^J 



•o 



•,i ls 



(10-3) 



<j^# j jn> J^ c^^e 
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d 2 u m 7V K 

, 6 Jfljuxii I ) Li .ill I 

^V j2 IJU o' '*! ■ (l6 -^ ^ Ks)l cl ^ (15 " 3) ^ jUil ^ ^' 6 ' ^^ 

jiij r^^j\ ^P «> jP& 1 *».>*- j^ '^^ ^^1 s ^ °^ </* ^ 

.<kiL^ ^ ^li ^ 5JSJI <£"&»il ~ <lUai[ ^ «> SjU:L - VL ? 

£ = T+ U 

■j<;.7,n. , j... ? ii &^JI <3li= v^ ^ 

(22-3) ?* = \mv 2 = ±m(f 2 + r 2 2 ) 

:a=^ (14-3) ^>^ o^i**^ 



1 > ^ 

(23-3) T = ±mr + - — T 

2mr" 



- • '^j fl <iUa <^.nVi LoSk 



r 

(24-3) U=V(r) = -JKt)-dr 

r, 

<iUJI Jj£ UjIc ^jil <SU*j ^ *^ f^ c^ 11 ' r s =00 -^ 



I 2 

(25-3) E = \mr 2 + , + V(r) 

2mr 

u*iji :^^ ^j^^ <> arcs ijsii <iiyi j (25-3) <1jUii > j^u 

<*L^VL ,1=^ s^SIl ^ <> Tjxa^l jju ^k j^bu L 2 /2mr*+V(r) ^Glij 
j^II liA Jc ^11=4 U •<e3^^ 1 5^11 culSj ^jlj ^ <K > jk^ji c^ljiJ 
<£>JI <JU ^ ^^Jl isu, «uj^ cqV , (effective potential) JLxAJ I j^JI ^l 

(26-3) £ = |mr 2 +'7 , (r) 



r2 



(27-3) ■y(r)'=-L_+Kr) 

2mr~ 

<JjU- Jl J^jill *lG £^ J (25-3) <> SjUi^VI ^ ,^>1 ^ ^ 



(28-3) r = ~ = ^[E-'V'(r)} 

dt v w 



:^iJ» ia^lxJI 6JJb iLlicu 



(29-3) J- ^ r =J-(t-t Q ) 

(J.IS1I ,1^1 j^t of) (29-3) > j^l t- ro1 ^ ^ &*i r > 

.1^.10(0 ^1 (14-3) ^i Ifa-iyuj 
£11511 i*,jll > <J^U: oVjLl. ^ (11-3) j (10-3) uGiiUJ! oi -^^ 
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ellj ^^u ,G j r <> JU LU jaJj J-lfi ,I^L l^Ja. Jl LL^j L£l .(Sljll) 
c»jL!i jl (first integral) ^j\ J*L£i ^1 L^u J£ ^ jLk> JJil -CA?£ Lj £ui£ 

. (constant of motion) <£>*, 

JlA, 4j£>« SjSJ j-^U. fjM.^I tUI <£>JI ^Ijil S>»AJI iii ^ a"-)-* 1 "' 

^i .Ljj L^ ^ J v^ j^ 1 ^ 1 j 1 - 1 * 11 01 (28-3) <fci*ii <> Ji^iii 

<iLkU <£LJI ^1 ^jJ^ Jb-iic .(3-3) J^JI J* W-"=~ liil O^J^J 



V'Kr ) ! 




(3-3) J^Jl 



^? t^i 0^ < ^ r =c ^ : oi c5' <lIi e^ ^' .&>* i> c.""? 1 1 -^ i^ *j' v^e 
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f^x^JI jjs* Ijj ,Ljj >x^JJ L,L^> ^JLUI <^JI jj^: <JLJ| 6 jjk ^ 

:((4-3) Jiilljtil) 



(30-3) 



»o = - 



L 



mr t : 




(4-3) JSLill 



J r i*^"^l C£i *jj^^> Cxj^ rj] ii^iU Lj^. E=E,>'V(rJ { ^\Z Ijl -2 
it 1 o « 

J*^, u» JUJI li* j-jU £<jgi <5LUI ^> jjS] ^..^... M/rrVjV j^ r 
o^ f^JI d^i, dljl l£ jJL ^ j^ Ijaj llL (28-3) ^i j^JU jlj&l 
u' c^l 4*^ ^'juM JM^ SjiJI 3^ ^> fe-"^ 1 -'»"'.'.■« '^ 2 J >\l&? W 1 r jf*^ 

.dJIjj IjSLaj ,r ]cf JI .cl, vj iSj ^ r 2 o*J J^ 

C^U s± ^ .i,>iJI <^~JI jj In ji^ .(5-3) Jlill ^ US ,r 2 j 
. (turning points) ,jlj 3 j LULi ^J l n<J | r jlki ,dij] ^-Ls-.t i 




(5-3) J^All 
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r 3^ 



.(6-3) JSLdJI ^ L£ <«jL$JiVL ^1 SjUl 3^^ ^ j<in ^ ^ I , ^ V I ajLu^ 



<> 



.51LJI 61a ^ jlj^j <Lfc ^ r 3 ji ^1 




r 3 o'jum<^ 



(6-3) Jl^ll 
JLxUI j^JI ^icj <L^ "ijj" ^1 <J£]| <G2lLa ^ j^lsu i*j£>o 6>SJ *_^UJI 

^Lual ^> J^ ^j£| iJUl pj,„ ? ll <2lk L^i J^ ^lll <JLJI Jl jVI J^ 

. r <I ^ A -* <La f* <!>*- lj^ <^ 6 ^ Jf*^^ «iij^< Sjill j^j-o J[>^ jL>ii 
^1 JLxill j(]^ l l (jjkjua <u : a3 JLIa Jj£i Jjl v-j^ Ijjb J)^\* ^^^ <j| t^^^i; 



(31-3) 



^F'(r)' 



dr L 



>0 



^'(r)' 



dr 



-0 



:((4l-l) <55bJlj 9-1 SjiaJI ^kil) 4fcl*JL SU-L. iyljll Otj** 
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(32-3) 



2 1 
(0 = — 

m 



f ,2 



d " [ V(r)' 
dr 2 



Jr-- 



O^i yhiJQ <iJ^ ^^ r »J°i <-*^ tf>lj jL^ Jn JjVn,,, ^,,,-,11 a | ^| 

. &> jjjIj 11a ^kill > $,^1 J^. oijJI 
J^ jjjS ^1 ^jVl Jlo < U U^L> SjL jjiy (1 >3JI Sa^lj ^ Ujjjj ^1 

.(4-3)J^JI 

^>^ c^W JA^I <J=L^ iJ>L J^ jjx* ^^ ;&^ ^,„ n , <Glj,I^Ul .L,^ 

c^ jjJi ' tf J" ^e- 11 ^IjJl 4c>«JI j^-l« =(A/w) 1/2 tf L jiJ^j ojl^Vl 

.(l 7-3)J££ll ^i L£ ,S^IJI 

t> ^^Jl .!_»_■ ^ ^ Jj: , y^ _ /-L^ UaIo^I u^uS^o <Gt JJ J jij < j".... 
J* J* 'V e = r9 i^-U* ijiliJIj ,(d^ .L^ ^^ jIjIaK) Sj_ill ^ 
Lt^ f^> uUu-^) Sjiil 3^ J^ j^JI s^lj ^ ^,,^11 |fl,'l,«j ^1 <iLuil 

J-^fl up r 2 J r i <: £-"^ ^ Jf*^ r t-»>A»2 l -^=" Sjilj ^k 1 ■ ..~ jlj Ijli 
^i L£ .rj^isl Ljl^JI <<^j| JcwJj: Li« jjijjji j^u jl,|j]| <^^ ^ 

. ( v 7-3) Jiill 



85 




: U 111 I oVLJI ,_l ->, jJCh jLuil J^J. 01 H» Jia.iLi 

27T/0) SjSJI ,£>> JU^ Sja.lj SjjJ jj-iJ ;• >_■■ -o i l fj^ 1 0-3" ul t^ 1 : g = w -1 

jj^ ,jli» .k^. ;U Jt J^i aS Oj^j «lfi* 1^ ^ *±&M Jl ff^ 1 
La^ f—aJI Uj^j, ^11 iyljll Jl ^ ^^ -( 8 '3) J^ 1 <> ^ '^ U 




JJt ^f- ' W= „0 -2 



(8-3) J^ill 

lia > «,.yu j;JGJ j^jiUI 0-j" <> ?->.'-■ ■ "•» LiL^J.1 ^jLua Sjill .£_>* J>a. 
^Jl 1 1 Ail ojl^ as r Oj^ W^- 



aw <i1 Vl <JUJI aii ^ V^" 'j 1 -"" f^^ 1 f^J^ W 1 " °'^ LT^ 1 U 1 ^ 

.(9-3) JLill ^i L£ «1Uj.... lilL. 
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(9-3) J^iJI 



" " " " mo) * n0 -5 

<io Ji^ ^jJI ,(10-3) JSLill ^i L£ ,^1 ^ ^ ^^ ^ jLj <bji^ 
j4is J, (1 <ILJI ^i LS)180°jlji^ j^ve op ^ 2 J ^ r^ La^ <G| 



(33-3) 






r 2 ^2m(E-'V(ry 



dr 




a. ; ,u ^il ^J\ c till ^ IfiV < (modern j SxuJI jl (ctoo^-uisill 
, Sj 3JI ^i o U j,n ? ll jjl, Ul^l Sj^l <^£ll fW > '^ SjUI vA* 

s^ <ai^ M>i ^ <i1 u^j^ c^ 11 «1*>J— ^j ^ ^' t*>* t* L ^ 
,<Gl^ ^ l£Lu Ll-c SjSJI j*>- J^. *i~i ' m f '^^ '^ 

k 
(35-3) F(r) = - T r 1 

r 

i>0^ Ijl Sjjlly &<0 oilS Ijl ojU FoPj «iySji' S^l -=» tt fe ^ 

(36-3) Kr) = -^ 

6iA ^ Jfe oi ^-^ ■ 6.67X10" 11 N.m 2 /kg ^jL-y ^UJI ^JUl' ^ Gd ^ 



0i J^5U . 8.85xl0" 12 C 2 /N.m 2 ^L-, (permitivity constant)eXJJl ^«— __ 



4oKJI <,<;/, K,M ^iliJIj 2-^^JI 4JJLL1-10-3 



(38-3) V(r) = - 

r 



(39-3) £=^+Wr) = im;) 2 +- 



E=K+V(r) = \mv l + - 

i r 



■Jl (39-3) JbP 



:Jl*ill j^JI 'Kr)'i 



f 2 = r 2 +r 2 2 



(40-3) E = ±mr 2 + f V(ry 



(41-3) <nr)'=- + >r 2 2 =* + -A 

r r Imr 1 

jLuJI^jLl^ 2-10-3 

j*JI ^ t- L-^ i^Lil* LjSj,. ij$ ^U ^^j jUI <JjU_ jUjV 

^j (29-3) <JjUII j uy ,...-, 

d u ml 

dG 2 L 2 u 2 u 



f-^w 



F(-)=ku 2 
u 
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jLJJ iljlx-o 



d 2 u mk 

(42 " 3) ^ +u= -T 



• i^u \|5 ei^kj iiilill <^j^ll <> iJo^U: Sj^Vl <JjUII 



1 tuk 

(43-3) w = - = ,4cos0- — 



' u=l/r o^tJ^ 



KqI mk 
(44-3) r = 



-l + (Z2/l/m&)cos0 



p 

(45-3) r = 



1 + £ COS 



: l i t , t A a c. 



L 2 

(46-3) £=-^~ 



(47-3) £=pA = 



mk 



SjilJI <> 6jjli J^U^ ^Jc <^ £ J^ (conic section) ^d j±i* (45-3) Ji^ 

:<gV < (eccentricity) 

(j^l^l ^^£) (parabola) t^li* Uu j^^j £ = 1 <jl£ l-ilj " 
(j^ljll 4> ^i?£) (hyperbola) Ul 3 LlLS j;u-^ Pi jK IjIj 
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\L j E) ^j\j ^^j &LL <j* i^ljljVI Jaj^JJIj 

^Lkl*;L^^6^^U j ^^ 11-3 

jl Ulj Li*S) Ujli* j] (L^5U LLi j) SjSIj) lili* I nV^ j^JJ ^ ^ 

.3-3 I Jill ^ LlLti L^ ,JLill 
S^SlI ^j^ jc ^^Jl axJ j^Lia ^>^ hi^ Jtlill ,^ ? ll ^IS |j| «q] cUj 

6^ (J i3i Li .hi** jLai jji^j ji dm <^ j-i^, ^ jii, Jr jua ji 

:6j£ll QCuioll (jGjLuVI I J a«o j-ujlj 

k>0 SjuL Ijlil - 1 

(48-3) E = ±mr 2 + (- + J~)>0 

r lmr l 

\<lc |j^ 6J^k» 6ji ^j^ ^^ Ljij* j] Jljui jl ,LLS ^ikla 11a 

.JLill J^aJI CiLl$J iuuljjj 6JJ^ ^jll 

:u^ (41-3) ,> li^Li 

(49-3) ^W = _4_J1, 

ar r mr 
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ol+i s^f-i J\ <U >uJl hjL^ (49-3) a^ ui «£-** i2>0 J fe>0 0' L^ 
fJ ... ? l l dj^ «^IS- jl jSIj jJ-iS: JlL. j^ ,^1* jL-lli .Jllill -^Jl 

.(48-3) 4JSII <SUJI <JjU-cj (45-3)jLJ.I <bl** f ^L^ JJiJ 

p L 2 I mk 

-1 + e -l + LA/rnk 

r= r . Uuxl <*«jjl* olo^'m ^i".%ll ii^ksll <c^JI ol^ t£J^ ^ ^> 

mm ^ °^ P ~ 



k L 2 



(51-3) £='nr min )' = + T-T 

*min ^^min 

:J~ (51-3) j (50-3) & ^j 1 ^ 1 * 
, m 2 k 2 2mE m 2 k 2 f .2EL\ 

(52 " 3) A -=— + —-— il+ ^ ) 

: ^ "(47-3) ^-^ 






1 .j* 



Ijll > jjSI (53-3) ^ jiJI Oi ^ L" yuJI alJ > </ L ^ J £>0 ^' ^ 
(11-3) Jlill ^ L£ .Li* jilj gJ-i > -J^ 1 t-^ 1 >* J 1 " 1 * 1 tIjL5 ^ e>1 °' 
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O* M'"?H LT 5 ^ 



~ 



(/oca/ point) (Sj^j) ^uS^^o j-j ^ SjaII j^j^ «JL 

,0 Ljl^Jlj rj*JL jj^% SjSJI jSj! <^LuilL ^j.,.^11 £juaj* ^1 Ljj jSaii 

.(11-3)J^JI ^i L^ 




^1 j^j^ 



(11-3) J^iJI 

^j J Vi i i^ji jc k— 1 LjU o^ ^j>m ? h j\ (n-3) ji^ji > j^l 

Sfj'j ^=»VL j| uJl^il <jj|j ci^ IJtyJ .SjSJI jJo-^ ^> 6j^ oULu^ XXL 2 

:<&UJL @ (scattering angle) *juu*J\ ^~ ^" 



(54-3) 



@ = 7F-2a 



<&UII ^ l^Jc cUaaJj Ll^VL Jl pj.,.^11 JjOju 



:J ^ r— >oo j-^jj (45-3) 



(55-3) 



-i,l 



oo = a = cos '(-) 



JijJI ^> 6 ail I *&\a \* At. ,i^11 LlJI l L^j r <iL_u* 



: ^£ii (11-3) 
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(56-3) r min = a+ae=a(l + £) 

: ..,^11 I ^K.\- jSljll jJaSJI <Jjl^-o <^ 



a(e 2 -l) 
(57-3) r 



-1 + CCOS0 -1+CCOS0 

:<j| ^mn.'i SjjtkVl £fcl*JI ^ijJo fcjliu 



z 2 

(58-3) p=fl(e 2 -l) 



m& 



(53-3) Cy £ u^i^i 



(59-3) «= — 

2£ 



:J\ ^ 



2 



k , 2EL , 

(60-3) ^. = -Cl+ e j = — [1^1 + -^^-] 

1,„<<- i^Lio SJuLi <j£>« SjU t^L^ f^^ J 1 -"" ^-^ ■" <JJ^ ^ 

,> l«JI J~~ <k^ VJ Slj .(a) *£y t> Ojjj J*y <(£>*, JjJui. • J^U-^ j-kill 
,£j Z4S>aJI cJjij .fcSjill cuG <IVjj <rr mjn J SjUl jS^. 

j'.y.r. J*JI Jj^o J-o L.i'sr. <J....ilno iijU. SjS jjfc 0=^ fj'"> 4>^ '^i 

jl iaj^ jl ^ aj^ a" ^ J C^i ^ ( 40 "3) ¥^' ^ Uyl ^^ > ^^ 

: Jl jl .<JLu 

(61-3) £ = 4mr 2 +'K(r)'=imr 2 + (- + 7) 

1 L r 2mr 

94 



e^b J^u <s^ji tJi ^ & .^^ (S>JI ^ ^ ^ V( L ^j ( 

:'Kr)' Jl^JI a^JI oLl^ a~ jLJll ^ ^^ 
(62-3) -!i^Z = _-*__£_ 

(63-3) r = — ^_ = _i_ 

(-m&) w|^| 

.-iJSII 
^1 J^Lj Lib . = <^UI <c^JI Jfi ^ ^ £='Kr Q )' j(S IjU-l 

.r 6^1a5 cLu^i ^jib jLu^, ^yJc. 

jail, ,5^ j^ jJi, j[m j^ ^^ji j^ ^^ ()>£>, ^y^ ,.^ _ 2 

J- 3^i ■ (r 2 =r mx ) ^ ^ (T'J**^ ^ ^ ^sii ^ ^ 6JJV 

(rjij L> ^ill J^ ^ijai S>J (aphelion)^] Jt ikii ^1 r ^J* jik, 

•u^jVl J^ jUiVl <£^ <JU ^ (apogee) j\A\ 
^ . (61-3) USIl ^SLUII, (45-3) .LJI <I^ ^ ^ ^ jj" ^ ^ 

(64-3) K.-—P-- l2/mk 

-l±e -l±Z 2 ,4/m& 
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k L 2 

(65-3) E = — + - — r 

r 12 2mr 12 



=^ C/yjf^Vl C^ 1 ^ 1 CAf r 12 J L ^ aI ^^ 



7 m¥ 2m£ w¥, 2£Z 2 
(66-3) ^ = -7~ + ^ = ^^ (1 + ^ T) 



j, (47-3) ^ ^o^iJ^i 



(67-3) e H 1 + 



\ OT& 



2£Z 2 



2 



L£ <Ulj 1*L2 jLJJ oj^j£>lai^ &^ <W- V s " r^ 11 ^ °^ l3 > u 
£=1^ Ux* >-l) <ejL— 5JUI *5lWI ^ l:i i U '^ LJI aul S 



(68-3) r = 



-l + £COS(0-0n) 



jL^ J± ^1 ^j^je<l-^i Lbjic <JLu 5JSJI <5U=JI c^K IJl Ij^l 
^ LS -fej^lj <fljf^il *>* ^i^S .i^oJ^JI «Culj5 jj^ o-SU ^ 

■ jc.r.ll, <q1jU^ i.LS c£*j <Gl <k^5bu ,(12-3) J^ii' 

a(l-£ 2 ) _ Z 2 /^fe 

( 9 " 3) r ~-l + £cos0~-l + (Z 2 ,4/mfe)cos0 

7 Z 2 

fl(l-e 2 ) = — - 
mk 

:±^ (67-3) j^fiAi^ 



(70-3) 



fl= — j — r 

2\E\ 
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(71-3) 



: u' <s* 



E = ~ 



2a 



:h\&> (12-3) JUJI <> bjxi^U Jz2l\ , j ir >\ JjL ._....^\ £ 



(72-3) 



b= a\\-e 2 



(-mk) 



<I5LL Cul£ el^xxi <JjU. ^J^J-* S>3J £-^»Lk Maakjl.Mj.ft UjJ^ j5 Jj^ JJjj 



.<JU 




(12-3) J^J! 

(Kepler's Problem) j±*<L SJuoxj Lu&Ja Lli I V jJLii I o I j Luu-o 12 - 3 

c-i^J c^l^ 4&5 ^J (Johannes Kepler 1630-1571) ^L£ >^Laj^ J-^ 

(Tycho Brake 1601-1546) ^l^^b L^k J^> ^1 dh <^LL, ,jiij s^ji* 
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Jul dj^l^ lil (!Jlj <> J 1 ^) ^^ ^" U^^J (^ ^M 1 U^ 15 ) 
Sic <*l\jl\ < m. t.ll J^ uUal^ll <L^lLI I fl^.nnj ^1 <a.Lull uLo^ o^? (v) 

<k^j (13-3) J^iJI <> CA^ c>3 J^ <^' J! o^^l t 1 ^ 1 ( S J*) i->~ 



(73-3) 



(74-3) 



ds~Urdd)r 



±^l r 2^_ = l r 2e 
dt l dt l 



tf' 



(75-3) 




(13-3) Jlill 



ds L _ ._ 
^ 2m 



:i^j 



(14-3) 



i>0 (_>^d>*^ 



dU.LJ.1 ^li ^a lis .£lG (areal speed) ip.LJLl St^xJU 
98 



(75-3) <i*ti~ ILK s^j ^^iii j^ ^£}\ ^j ^i ^ , „_■, ^ 



:oa-LS 



(76-3) s = ~ T 

2m 

(77-3) s=nab 

■ ^ (71-3)^1^1-1^ (72-3) > b^^xL 

(78-3) s=Wfl 2(^l ) = _L r 

m& 2m 



:<1aj 



(79-3) r 2 = ^^-«3 



^ \i* .^lill ^LUJ Jf ^J| ^ksii o^ ^ ^ ^hl, ^i ^ ^ ^ 

^ C5^l v_£lj£ j^j JL^ <LLuJ| ^ ,;,,„_,[ i^kiJi ^IjUl Jg^ ^j 

If 

(Rutherford Scattering) Jj^ij jj ol-iij Soll^J I ^^LU I o I jU 13 - 3 

<i^£ siji <> <i^ji ^^ ^^ v i^ai ^ j^ <£^vi > .Ljj ji.^i 

^1—Vl ajL^o ,> <il^;V ^ L« l^ Ijluu <uijla Lkj *\~ -».M <^j^ 

.Jjlj) jJa5 jLuji jjk Jj->"uj 
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i<jjl..flj.ul I C)l /uni^ll <^j^ dJj JlLo -^Ij £-^ jl- 1 -"- L $b L"-^?' ^^^ *^P ^^ 

iSj n^ *L^j-^. <5LUa xuu ^a ^P^ Lojlc jf^ f^^ i>° V-^ . ' Vfl ' "" 'J Jj^LIjlS 
Li ,<b < » U r. j a .-.lata <j,i^ ^j-o ^^^ikul iiil^ j^j aJ <JLJI <jJSJ I L4I5LU <jl 

L^jLajU L^JUUlJI JjjJ -kifl L^-flj^J <LLo cjjllL Uhj^j-o Sic LflJ /%^s^H c-)J^ c£ J Jf* 

(14-3) J^^zJL £_x^>o jjt L£ .^13 jJai ^L. ft*ty <^j^ ^ L^ c-hj^ 

:(54-3) <&l*JL» UjL^@ cm <m"v 11 ijjlj Uijc 
@=7T-2a 

: (53-3) o*£ o^tj^j (55-3) u-o Uj^j i^VL J\ r Jj&i Ljk. 



C80-3) 





tan — = cot a 
2 



f m& 
2£Z 2 




Z^jl^II <u^ ^^ ijk 5SjSll jS^j ^^LaVl 6jLu^ Oh» <e4>^JI <iLJJ ^ij 



(81-3) L-mv^s 



(82-3) £ = >^ 2 



:4-t&ll <QiLL,j 



.(impact parameter) ^jLuallfJ^Lua ^1 s^ 3IU. 
:^» (80-3) J* E 3 L^j*!* 



(83-3) tan- = — 



2 m^Q 



LjUJ J ^^.tro ^JM,^ oU£ 6j-ALk jjSju Jj^jJj oIa£u ^ jj;^1< 

LT^ a t> 'j±^ Ij^ Jlki Lji«i .LAj] <^.^ <L£ sl^ ^ (n »j.- ? < ) 
oL^u^JI jm,j N<*jU]| oUu^JI jj£. jK Ijli ^1« *? * : ,,. ? J£ ^ 
:<&UJL a (scattering cross section) ^ " A-t | « L** 2 ^l ,,^ 
(84-3) ^a = I^ 

^a Sj3 3^ wj^j ^> i^jLJI j^Jl sj^|^ <jui <^.LJJ 3^ <©±d@ 
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.LLLuu 6llx^L I 1a .dN=Nndo Ji J\ cNndo 

(85-3) -^-n= TT 

2 

:ji (14-3) Jiill > Jia^Ui 

(86-3) do=2nsds 

(87-3) *7 = (-V ^? ^ 

2 ^o sin 4 ® 
2 

■ o"i . »1 1 f ^i Jj^ijjju>iL2 ^1 Sj^Vl 4&UJI (jJt jlk» 

LaUS-Hat 14-3 



( orbital stability) j I ji, I j i jV. ... I ^ ^^p | j j i ... » ^^L, <£j^J I 1-3 J!u O 

:J S M ill ^yt <jjSj^ S^Jfl jjjG Q-k"i tSjJ'J jl i n« ij-lC. m "■ ' '''j* 1 -"" 






Ljjlj jLuuil 4jj^f <1<J^; W bbiklj tj\ ^jio-i <U\J j* i^tlLo ~'^ "* JJC- Wdua. 



t^jLudZ) (^j-»UI 6jLlu-o ^j-o ^ji j-!*- J^ 1 -**- /fi-^ ^J^% «J«i £-* LS^iS ^^j^ 

.j^i no j*L jLail <jl J[$Sj LjU LuL^j iijiljJI <G^j^ 
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■■ui^Jou V f ! IjiL^ jULi ^ > Jill li* ^ 3-^T,,,, 

J La-ill '|j~H <JLjJa — I 

^i LjU ijjS^. s^J ^li ^^^ J^l ^u <il (3-3) 5>ll ^i lij^j 

'Kr)'^ IjJ , ^^ <jl4i..Jl*ill 6Jf j jjl, ji ^ jLu jU 

Z 2 

T(r)'=~+K(r) 
2wr~ 

Kr) = -T F{r) dr = - 

Jo ° {l-n)r n - x 

d' V(r)> = L 2 k_ 
dr ffifi r n 

Z 2 £ 

+ — = 



3 n 

mr J r 



L 2 k 



:Lok. ,c\ 



Irnr 1 2r n ~ l 



^ u ^j p0 a^ J ^ L^ij J Luii ^ j± jzi 



I 2 b 1 

E='V(r Q y = - * [ 



Irnrl n-\ r{f~ ] 
103 



k 1 1 

rr l 2 n-\ 



r o 






1 1 
-<■ 



2 n-1 
n<3 

. L at I ■ a . ~- *« vujcj 4^J via — uj 

&S*. ^=r n cu6 6jla5 !-a. >-.'< (£>>lj jL^» ^ ^>=4; f-^' o 1 o^J^ 

: 1 (5-3) <£>JI <lal** > 

mr o 2 = Kr ) 

(7-3) Cy>Q u%>*%i 



J ^ t hJUbrf 1 > ' ' /x 



I 2 



= F(r n ) 



mr o 



I«^Ali Xjljloj jiinm >^J < ~*"» > \ O 1 U^' cKO-^ 

r= r + .x 
:a^ (7-3) <> SjliiuuVlj (5-3) Kj^JI <bl*- ^* o*^^ 

— (r + *r J = J 7 (r + *) 
-.s^jjLt UuuLu oxa^ Kr +^) j (r +x)~ 3 *■ 
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m 



m r o dx 



+ 



l x=rn 



:<loj 



mx+ 



-i«»)-*w 



x=0 



'0 J 



• dlj *> j^i ^ jl x 2 ^ LjUl Jjja j| UL^i ,, 



^ 



(88-3) 



3 „, . rfF(r) 
- ft r ) + — ~ 
% dr 



<0 



r-sJi ^>^ ^ <*,£>* s^5 ^j 



^1 <U*^ J, | ^^ ^.jj| ^| ^^jjl ^ (^ 



■ r^rtjLi 



* t r\\ 



: J^ JI <> ^>) uj£ <JU ^i 



TO = - 



:<^*j J^LJI Jt^JJI j| 



3 £ k 
+n — -<o 



«<3 



=0* tfi 



x J u^uau <bbdl 0J L^J <^ (88-3KK J <ai j| ^ ^ ^w 



6jJh 



: >>a ^ll ^Jc 
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mx-co x= 



0) 2 =z l F ( r ) + 



dF(r) 



dr 



JiU r; - ? » ^Ul jL-ll v l>^l <1U J <ii J~l~ .jlj-l-L o-JlS 



^ <^jl xLly jjjaJI jLJ.1 ajU-L .10% jlji« «Oc^ ijjU S^w SjSil 

4^2 ^j ^^ ^jibll 6jlj- Jc 4J-VI f-aJI <*>- ui lA** J^ 1 

:J£JiJL <uk Sjj>1I <ej£J.I Sjill 



Kr): 



mr n 



mt>5 _ fe 



■= Wi 



:<Uaj 



: (£J 



Z=mr 2 = ror o 2 0j = ror o y c 



.c.K>aJtl 
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j0 -0^^ j^) (67-3) ii^UJI j* juiaJI jLJI jjii j*l* ^£ *5 • 



f- 1 o» 



Z 2 Z 2 

mkr^ mk 



:ai^i «v.= l.l v Q c£l 
£ = 0.21 

IJjJ^JI j Loll iij{ju, J ..^-\ 



L 2 1 mk l. 21 



r = — : r=r 



-1 + 0. 21 cos 6> -1 + O.21cos0 
:J\e=7t ^^ <iLJ| <|jl*ll ,> j^ai ^ ^^ji jij.1 ^ _^ _^ 



1.21 

W=r °rr^r =1 - 53r ° 



(89-3) r = P 

±l + ecos# 

:£>1 {Hyperbola) jiljJI .Lsh _ { 

: a£? ^^? (15-3) J^iJI ^i L£ /tuQ c gT. j ^.a | >-L«-. 
(90-3) r-r' = ±2a 
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• egSjaJJ j^-l ^J F^ Jlki Liu <4la vJLJI £jill 

:J1^JL jSljll j-kill <JjL« v^i 



(90-3) 



r _ 



fl(e 2 -l) 




i>- ^ J 



(91-3) 



(92-3) 



(15-3) JLill 

:£ <1 (£//#we) (j^iLil ^-LJaJI - y 

■ ■ -~<'.a <(l6-3) J^'ViH ^ LS < tLt cj nj* n CA^ 



r+r' = 2fl 



«(l-e 2 ) 



: J$Jj1L «J»Sll <JjLa c-n^'i 



(93-3) 



1 + CCOS0 

: (ft) jjju^all jUall . a,,-'. J[jlaj (/?)j..<H ^LSlI i-gin*! J^Ls JaJJJJ 



& 2 = a 2 (l-e 2 ) 



.(SS+cSli jLiWI <LiJ 5j <C5> ^SJI v ljl5VI Udi (16-3) J^l ^i A^^ 
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(16-3) JS-ill 

:e=l (Parabola) ^Lill £-kiil -^ 

<LLu» jji; .(17-3) JliUl ^ Lo<; < iuli <LSi ^ Ujju ^ui: c*ju> ^silo* 

'■If* t^ 1 



(94-3) 



r = - 



l + ecos0 




(17-3) J^iJI 
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Jjil at n 

F=r(r-l)r 1 /(Al) (^) F-te^u) ^>0,F=-fer 1 /r l/2 (i) :(rJjU J* s^j 

oj^ K=-(e / r 1 +^/r 2 )<i^AJL o^jjj^l ^3^ ^ ^jiUV j.^11 <5LU ^^1^6 2-3 
(#,0, 0)j (-0,0,0) cg-tU^II jit cAiaJjill CjyW c> oij^V 1 <s**i r 2^ r i 

<^W o3LH^V ^ Sj5>LI SjSlI ja> .v-flj^dl ^j£ 6j5 culi & = l/4/T£ culSllj 

^ iujl^jll oLiilj^yi ^i faraz/ velocity) ii^LJU ^^uJI i^S ^1 ^^ 3-3 

• -Kxy-JAr) 
Sue <££>*. Ijxji <fc>0cn^ <K^) = - fe/rJ^Mill ^ <£&>• Sjil ^n, ? ^,A^t 4-3 

•r = -(k-ma 2 t$sm 2 a)/mr 5 .'•<£* ^j^ <*L*UM <IjI*II 0' 
:<5^UIL ^^Jflju 4-3 <JUail ^i j^jll ^jmi^II jLa^ <]jL-o jl jjbjj 5-3 

•7= ma 2 v] sin 2 a J w=1//r ^e^ d 2 u/ dQ 2 +(l-y)u = 

( -Lu O t^h i <L»^j^o 6^5 ^*^ pVt dlj~v"i \ a v< u'vl 4 ^ n I, I qIjL.m.1, I ,JSk J^x U"3 

. LqjJ <Lo_uSLll <GjL* <Gc \j_u 

dx-xo. (F = ~ k/f i-Tj^J-* *J-^ ^-^^ Cx-^J dJ^r^L a \. m^I «-i-ijJI <_S(JoLa ( |) 7*3 

^1 (2 6^Jai c-L-aJ (^jjb jLu-a J>-a ajiii^M llA Jill Aj^UI Jt...tJIL (c->) S&>0 

.Jit. ^J-^ll Jfc?J^ cT^ J*^' '^ J-aat-j Jjb Sfe 6^ki v.Q.rfVt jiwl 

>-<>^^ S^jIj Lr L I-ua4 7-3 <TlcJLI ^i 6jj$jil S^iJI j-^fc o^*i a iiii^ •^^^ 8-3 
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^ (I) i>0ce .V^l^i, <3LL ijjS^. Sj 5 j^c c^ fW ^ 10 . 3 
»>3 ui^ Ijlb jLJI ^ ^ z^,ljll ^jjlj £4JSJ| <iLkU <iU.| ^1 

uina^U uAsj^l ^ c^JL^ 1 v^M 1 »j5 <> i^LJI ^jJI <SLL JLuu 11-3 
• W ^ <Kr)=£exp(-ar)/r^ (Yukawa Potential) Ij&j* c ^ _^ S |^j| ^ 
m ^ ^' ^' t 1 ^' u^ y s^j^i, uiVcAe s^sjil (i) 

wi~i tfjib jL« J* J^L ^ f^l Ij^j Lj EL> (^) . Sj Sil 6 ^ ^li 

fc>0^ -KrH-^+H^ ^ ^ jj^, ^, ^ ^ j( (]) 123 
SjjoUI ol^LJI i ^^ JL^iii <j jlja , j^ (^ .cjo^ai A'^jLil J xkl J 
<bLdl 6 i ^ (^) .L 2 >-mk' afii L^T=a(l-£ 2 )/(l+£cos0) <fcUJL ^ 
CI Uji ^ ^I^J iyyi ;l^ji ^ (j ,^ ^^ ^ ^ jLuiaJJ -^ 

ja— ^cs^ v ijai <iu- ji i- jiij^ i^^i cL Aiji 3'..i......i.^ 13.3 

<li-JI 6^ ^j^l jU^vI <iU*L (i).28710km/h <c^, 227km ^b^VI 
• 640 ° km ^ -*-* Ll:j hs* W o±J*> ^1 .oijVl J^ l^ ^u, 

.(9.8 m/s 2 ,>_,'* I jckuu v ^ i^jUl ^jLu ^) 

^ 51.6 km/s <*^ j^ ^^ji ^ ^ k) 8 ^ ^ ( CO metUi« ^i 14-3 
jLJI <JjU. ^ .^^iji ^ ^ v , ^ ^ j^, iaiJ| ^ 450 ^^ 

u-aJJI <K ^) ^H\ J ^jVl ^^ ^ J^I^JI I.JJI ^ ^i -I-.....H 

.(^ 2x1 30 



111 



,> S^SJ j-^U rJ .., ? l <£J.l KjaJI £_lji1 jkll j^JI <^A o^ 0) !5-3 



- = 4cos[j3(0-0 o )] 
r 

- = ^cosh[/3(0-0 o )l 
r 

- = Xsinh[0(0-0 o )] 
r 

- = 4(0-0 o ) 
1 = 1^ 



r r f 



o 



. ,U1U JU^JI ^jLill J~^ tiii ub <* LU: <AuS ^-> VI $ ^^ l6 " 3 
,> yji m^w, Cfr-f*-* <-^ vjM 1 s ^ ob « 3^ •" u £j* -*"■ tf**^ 1 
yai ^—i La^) m 2 JI m 1( > S^j <^i. r^ .F— (Gm^/r 2 )!-, Jl^ll 
<GU Jt^ill v>ill Jit ml «...,-> LSljS Ijl <il JSji*. <>.>? '("^ C^- tf 3 " 
yUl ,_^l :SatL^) .Luj^ j^-j <ku-e IjjIjSAl &j^ J^ 1 ^ lj ^>^- 
. (iuC iJ^JI l^liS jl ^^L ,,>jVl .&>. > r ^ i> f^^ 1 cA 5 J^' 

fe j flie* <^^' e j^ 1 <> d ^ f^ > ^ ^' ^-^ SjlllL 17 " 3 

Sj^ll SjSJIL (l). r=C0 2 jL-ll ^ujfi ijjSj* Sj5 jJfG o^ fju-* dj^i, 18-3 

J=0 L^0 = O o> iA* u-0 11 f Jf^ ^ J ^ (v) >*"•*• ' i> 

■J<.v.ll. JL^ S^Sl j^U. j... ? l jUIl <bU* 4j13S ^ <il <>_* 19-3 



_^[ii4 +M 2 ] + K-) = £ 

2m d0 z « 

. u = l/rit 

. (energy equation of the orbit) jLu^JlUHJiiiijU^ <±i^ <i**J' i> J 11 ^ 
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. bO^, Kr)=-k/ ?-£/r { s^SJl j^U. f ,„n| 55^1 'oVjU- *jSI (l) 20-3 
r j^iii Laic <Gl c^ji {-*) ?1jS— Ljilj <A£ .k^Lj jLJ.1 <1jL*L ( v ) 
7T j> jjSi 4ai5 ^11 ji^JI ^ jf*^0 <jU Lu5 ^1 ^Jl l^J <^5 ji^»t j> 

,_^a^JI J>a. L> kji\ jU jl^« U uii ^ ifiK* jJ=5 jLo^ ^ ^ia J^-o, 21-3 

«> LT 1 ^ Uej L ^ ( yf^ JatSi o< JA* - fl "J** ^^> W lj *J^'I U^f <S^ 1 

. 0=OUiie. <i^all jLuil ^j U& p&i*. cos0 =-l+2p/a 4&UJI 

Cy^ sjuall <ui ^Sjj ^ill ^1 jl jU^l 21-3 <JLJLI i=^Ii . ^--- 1 22-3 

LAjl ^ .^i ^ (V2/3^)[(2p/fl) + l][l-(j5/fl)] 1/2 tfjl-e ^jVl jL« 
.Lj^J 11 Jl^ J\ ,<iuj| ^ 2/3^ jj. ,>jJI IJ4J ( _ r ak*Jl LujJi ^1 

<J ,k>0c^ .F-k/fijjU* 4^ S^SJ ^U> ^^^ jL« <j1 ^ (1) 23-3 

, 27T 3 & JI-© 
dO = ——— -dS 

mv l © 2 (2x-©) 2 

<ej'j ui^ 2 £"^ ^ -H^J ^l-Aji=Ja , «,,V, iiL-a SjSL j_.« ■ >> - ■ . ..-v - .1 24-3 

oUiUI <^Uu>L .(18-3) JSLiJI ^i L£ ,'l.Lj jIj^VI hJJ iyL^o L,s...H 
da J*K ©±d& 3 © ^ Sjl^^o ^13, CJ ,„ ? II , = .ntm Lj^ da ij..-..n 




rf^.ctcoslB l ^ill <> dj^. ?f^ J* S.&1I <>£jU S^IL 25-3 

-.■>-.. ^jl .7=^/2 <5^UJL cL^ill ^ ^SiljS jlSfl fA>H <SLL J^ 26-3 

(ctojjj) ijjSIJI 5^>JI jj> .taj <S^il <£*ll oVUI J*kj Jllill J*aJI 

fe>0o^ f=- fcrj^.r.ll ^> S?j£>* SjSjoSts coj <J>^ fJ ' "> J^ J ^ ^"3 
^lj F=flr /(rcos 3 0)ji F=^r 1 /(r 4 cos0)s J i] ^U. ^.i^ jLu^ ji ^^ 28-3 



■ A 1 Q U 



U4 



Lu jl Cu^j£ fcJjiui. J-oLa^ J^Jj cK^^ ^JaS ^ p L^fl l Tn« . .i cTp^ 31'3 



.ZXl-£)/0+£) 
^i^JI ^jLuj (divergence)Uj^Li j^l\ Z^J\ ijjSjil s ^' 0< i>*^ 32-3 

J5b ^ ^l^ ^ ^-^ ^ ^ ^'^ o^j^ 1 d>^ ^l^*^l j** d>^ 33-3 

.(l> -y • )/(v + f . ) j* jLuuIl Jji£ JoU-o J\ ^Ji ^min^^" 
v max mirr max mirr ^ ^ ^ min 

r ^ 33-3 <ruJLI ^i j^ill ^LikuJI >UI 4S^ j^j o 1 ^ 'J' ^ o^e 34-3 

.T(l> y . ) ]/2 /2k jJ> 6jLui vuUI ^kill ei^ JjL jli 
max min s^— v ^-. 
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d~u k 9 

J+U = T+TO 



dO L ml 1 

'■-? lt^ j 1 ^ 1 <kl** up jj^^ii ^uuuLi^ jLi^L «g1 j^ (i) 

kl ml} 
r = 

1 + e cos a# 
c^ ^ JJ^f o-^ jJai J LJI J jUjJ (!) j > fci ii UJ | ( v ) .a=l-yk/mL 2 c^ 
jjU^ ^ <iu ^i <:! ^ (_=.) .2nyk/mL 2 ^ h 3 \j <^^ p LaaJI 
^ .ujill ^i <^II ^ i^Q 43<Ljlj LijS Jjbu jljjall |ja U (Mercury) 
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